
1 IIvost)igatjiol]” of 1 ‘ossi )1(! l’;lc(:t)l”oll  -l:llgl ICllic J )istlll 1“1 ):11 I(XX Caused by

s] ):llc(x:l”d’”  1 ‘1:ls 11-1/:

M. ol<Al)AJ,  11. ‘i). ‘.1’S111

IIltj(:]:])(:t)iol]s at 4

l, Jrj)j ~]’, ]1. ];. (;01,: )S’I’EIN2
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5 Scl Icml (d’ l’llysi(’s  aII(l Ast I(H)(m]y, lJlliv(’rsitj’ of Nlillll(w)ta,  U S A

,11111(’ 3. 199:)

‘J’11(’  ])1’()])()S(’(1 S111?111 S01/11” 1’1”01)(” ]]]issio]] f’(’illlll’(’S  :1 (“10S(” il])])l”()?l(”ll  to 11)(’ S1111

v’itl] a ]wrili(’]i(n) of’ 4 l/<,. (  kIl)O II ]tlol(wl](:s  (lllitt(xl ~’roIII  1  II( s])a(wrafl’s  l]cat

slli(’1(1 w i l l  l)(I(x)]II(’ io]]iz(yl l)y (’I(T(I()]I  i]l]l);lct  a]I(l ])llotoj(jlliztlliol]. ‘JIIIC II(w’ly

(’1”(’ilt(’(1 ions  illl(l  (’1(’(:tl”ollS  lllil~  [;(’11(’l’:lt(’  (’l(’(’t<l’o lllil[\ll(’t  i(. ;111(1 (’l(Y’tl’OStilt  i(. ])1:1S111:1

]vnv(w  l)(Ilw(Y~II  1,1” ( I of),  ) a])(l 171,1” (().2!  )(:2.1 ) ~vlli(.lt ill( ])ossilj](” SO II I(Y}S oi”il]l(}d(>r-

(’II(Y’ lvitll  ili-siill  ]) I: ISIII:I 111( ’; ISIII(SIII(IIIS. ‘J’() 1111{1(’mt  ;i]i(l t IIis ])ossil)l( illt (If(JIrII(”(,

M’(’ llaV($ ])(’]’f’ol”lll  (xl (’olll])llt(:l”  si]tll]liil  io]ls to ]IIIN1(!I  111(’  (’1(’(”tl”ol  llil~; ll(’ti(”  :111(1  (’l(x-

t](wtafi(. fi(’1(1 (lis(l]]l);l]]((’s (; IIIs(KI I)y 1 II ( I  ])i(li-  II]) ]) I()((Y+s of” f:j ions alI(l  ](Il; \l (Y]

(!l(’(’tl’ollS  ilS tll(’ fi]):l(”(’(”l’;  lf’[ {Ii(w ;1(’1’OSS  t  11(’  (’X1  (’l”llill Solill (“ol’ollill”  II)il{:ll(’t  ic fi(’1(1.

111 0 1 ’ ( 1 ( ’ 1  to Slll(ly  111(’  If’:11’(’ ])ill’li(”l(’  illt(ract ions, \Ylli(”ll ill(”ll](l(~s i]lllo]llof:(i]i(~iti(~s”

((i tll( C; IJIWII;,)  a],(l l;i,](tic (,II(cIs, U’(’ 11s(’ tll(’ (’l(’(”t]  (llllil[\ll(’1 ic ]Hl]’t icl(~ (“()(1(’

(.;111(’(1  liyoto” Ill]iv(wity l~;l(’(’tlolll:l{:ll(’ti(” l)ill”ti(”l(’ (’()(1( (Iii{; hll’()) [M(/i,$’l/7//(Jl(j  (/7/(1

(hllwn, 1 984].  \3T(J  fill(l tllatl t  II(WI arc ]]() SIIIHI a]][ia]  l)lasIII:I \ra\T(Is f:(’11(’IiIt(Kl  l)y

tll(, (’1(’(4]0]] aII(l io]l l)icl{lll). ‘J’]](’ ( ’ 1 ( X 1 ]  ic fi(’1(1  11( ’iii’  t 11(’ s]);l(”(’(”]af’[  is }11so slll}lll.

‘I’II IIs, tlI(w  sII(NII(I  lW ]]()  illt(rf’(l(li(.( f’or S] JIall Sola I I’101)(.  1?7( l\ill also f;il’( d

filsl-])li))(i])l(s  arf~lll))(~llt  }\l]y I,()\v lFr(YJII(:]l(”y illst;ll)ilili(w  sIIOIII(l  ]101  ()(.(11].
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1 M o d d

A  f[)ll-]):l][i(”l(  si]))l]latio])  (()(1( is 1)s(,(1 io SIII(Iy  ill}[()]ll(,{;(]l(iti(+  ill it S()]i,l  \vilI(l Sl)il((,  (lilft i]ltcra(.  tio]l.

}!’(, 11s( ?-(li]l)(’]lsioll:il I{ I; L41’()  (’(,(1( 10  S(llv( for tll( (1( ’cilo]II; lp,ll(,li(”  illl(l (l((l]ostz[li(  fi(lds all(l for lmrti(]c

irtlj(,(to]i(s. ‘J’llis co(lc SOIVCS  tlIc fllll s(1 o f  MtIxw(c1l’s  ujlidtio]ls for tlI(I (1( ’(l]i( a]I(l ]I)a[;]lc(i( ficl(ls aII(l 111(1

(,(llltliio]l  of ]Ilotio]l”  for 111(, ])ill’li(’1(,’i  ill 111(, syst(>ltl. ‘1’ll(,y  ;11(  solv(ll s(l{- (x)llsist(,]llly 1):1+(YI  ()]1 111(, ])ill’li(’1(

ill-((hll 111( ’1110(1. Sill(x) lfl(’ 1{1’;h!l’()  (’()(1(’ tl’(’ill  S 1)011]  (’1(, (”[1’011s illl(l ions il+ (’llill’~,(,<1 l)arti(l(w, it illlo\VS  11S  10

illl’(’sti~,ilt(~  IIolllill(wr  ])IIcIIOIII(LII:I  (Iuc  to Ill(,il  killcli(  cfl”(x,ls.

\’ x w = ~ ~, () (4)
(I’ll

q(l; -{ v x 11) (L)
“(H “
(17’

‘l]“d t ‘
(6)

Nl:lX\\’(,11’S  (,(llliltiolls <11’(’ Sol\’((l  I)J’ a l(,il])  flop, S(ll(ll)(,  for till){ ;l(ll’/lll(’(lll  (,]11 ;111(1  a (’(,111 (,1’(,(1  (Ii ff(l(,lltiill  S(’11(,1!1(,

i s  11s(>(1  for Sj);ii  i ill (lifl’(.](~]i  tii(lio]l. ‘1’11(, (qll:~li(,lls of  ]Iloiio]l  for lm]ti(l(h al( s(Jv(xl willl d IIllll(,]tliill-llo]is

111(  ’tl I(~(l  (l~ird<~(I//  (f (//. [1985]).  111  our siltlul:ltioll  II I(J(I(II (  wc IJip,lll( 1  ) .  a IId]f O1)CII  lmIIII(laIy co]l(litio]l

i s  il(lo])t(’(1.  ‘J’llill  i s ,  (lallll)illp,  r(~,iolls :11’(,  ;1(1(1(’(1 ill  lmtll :1 l)ollll{lilli(,  S ;III(I l)(,liodi(.  I)ollll(l:lry (wll(litio]ls

aw 11s(’(1 ill Illc j) diw(”lio]l. ‘J’11(’ ])l:lSlllii  \\’ii”\’(S ])lo])il~,il{i  ll[’,  ill 111(> .r (lil(,(tioll  ill( (l;llll] )(,(1  11(,;11 t]l(, (,(1~,(, s

of t 11($ sillllll+(lioll  I)(JX ( S(,<,  IJip,llw  1 ) all(l  ]):11’1 icl(,  + al(, 1101  ( l’il(  ’(,(1 I)(J(III(l  t 11(,  ./’ : ( ) ,  :/’)),  (,,)  1)(111  Il(lal’J’. ./’,,, {,,,

](L1)IWWIIIS  (11(’ s i z e  o f  111(’  systc]ll i]i(.lu(littp,  tli(’ (Iatitl)ilt{;  I’(’[:ioll:;. A t  ilI( ((vit(] o f  ilI(’ systc]]l W(L ~)ut ill  aII

i]it(,rlldl 1)(11111  (1~11’j’ ullicll (“OI’I’(,S])O1) (1S” 10 tl)(, S])il(”((’lilft. ‘J1l)i\ is i]l(li(”ilt(’(1  Ily tllc slla(l((l l)OX o f  s i z e  21/,,. 111

iliis 11)()(1(1  all  ])ill’ti(’l(,S  ill)])illgillp;  11])011  t 11(  SJ)il(’()(  lilft  sil l ’f ; l (  (, all, ill) S(ll’1)(’(1.  t IIat is, t 11(’  ](’fl(,(lioll (m’fli(imlt

of 111(,  ])ar[i(,](w  ill t]l(, S])il(.(m(.]ilf  ’l Sill’lil(.(, is ilSSlllll(,(l to 1)(,  7 , ( ,1’() . ‘J’11(’  l)ot(litial of tll( S]):l(”(’(’l:lft  is  (’ill(”lll;lt  (’(1

fl’olll  i 11(> il(’(’llllllllilt (>(1 (“llill’~,(’  usi]l~:  :1 (“il])il(”itill l(’(’  IIl:lt l“iX IIl{tllo(l [110(  ’1’//( !/ (H~(l l;({.$f’(lJO(Kl,  1  988].  ‘1’11(’  Soldl”

will(l flo\\rS  illoll[\ x axis fro]l) 1(4’-to rip,]lt iIl)(l  tl]c solar will(l ltlap,])(, tic  fi(’1(1 lI;Is  all  al Ip,l(’ 0 ]clativ(t  to tllc

flow (limtio]l illl(l li(w vitllil) ill(, J -  y ])1:111  (’. \!’(, ( ’ 1 1 0 0 S ( ”  t  11(, S])ii(’(L(’l  ?If’(  il~ 0111”  fl illll(, of” l“(’f(’1”(,ll  (’(’. ‘J’11{

(,xt(,l’llill (>]()(’tl’i(’  ~i(i](l ]lil S illl illt(>llsity  of 7)(/ X  ]](,. ‘1’]lis  i s  i l l  t]l( : (]il(,(”(ioll,  (h. ~,.,  i n t o  t]l(~ ]):1])(11’.  ]11

01(1(,1”  1 0  Sill Illlilt(~ illl ()])(,11 I)ollll(laly  s~’sl(’111,  tll(,  Sol; Il” wiil(l l)a]fi(.l(is  ;11”(,  illj(,(t(>(l f’lo]ll  I)otll (’]1(1S (1)(  ’Cilll S(”  ( I f

111(,  lill’f\(’  tll(’1’lllill  V(,lo(ilics, solll(” l)dr(i(.lcs (111(  ’1’  1 11(’  I)OX fl~llll  (11(’ I’;p,llt  si(l(’).  (f : 0, :/’7,,,,,,  ,  vritll  :] (“ollst:llJt

illl)l)i(’]lt  fill X wllicll i s  (’ill (’lll;lt  (’(1 fl’olll  111(’ tll(>l”Ill ill \“(>lo(’it J” ;(11(1 tll(,  Solill li’jll(l v(,lo(.  itj”  ?7,  <{,,.

‘J’i(l)l(,  1 [;i~r(s  1]1(  11) ( )  (1 ( ,1  ]}i]]ii]tl(t  (,]s.  1!’(  fiII(l  I II( (’1(’(IM)II  1)(  ’tii, ion SOIIII(I h!iI(lI 11111111)(1  ~111(1  Alfv(]l 111~1(11

‘J’11(,  (“llill’il(’t  (,l’i Sli(’ f’r(x]ll(,ll(i(w of (,:1(  ’11  s])((i(s  ill’(’ (’110 S(’11 t () Illdi]lt  ili]l  1( ’illis(i(”  lilt ios  ](lt[t iv(’ t () tll(’ (’l(’(’t 1’011

(’j’(”lot 1“011 fl”(’qll(’ll(”y. ‘J’11(’ (lrift, io]l 111( ’] ’]11:11  illl(l io]l soll]l(l  Y(’l(wili(s  ill(, ill(li(”iil((l  wil]l ii Villll(’  llol’lllilli’L(’(1

to 111( Solill” \\’ill(l  (,1(, (’1]011 tll(,l’lllill  v(lo(it~. Solal ]vill(l ( , l ( ( f l ’ o i l s  ;111(1  io]l~ ?11”(’  (()]lsi(l(w(l  to 1)(’ isotll(,l”lllill.
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Simulation Modd.

O.O + ‘!l!! !!!! “1’
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Damping Region

102.4

lpjp,ur(.  1: Si]lllllati(,l, ]I](KI(II

S(/ar WiIKl  l’rolonc; 1o11

2!h.._.___...A . .._.Solal” wind-=-_...—. /---------- I ==.....PJCCJ  l:y.-. Icold 1 ilcdl”(m  I
— —+

l“jf;III(,  2 :  Ir(,l(wity  distlil)lltioll  full(ii(~ll  IIS(N1 ill lIIC (()]11])11((,1  (x])(,riltl(,llts.

‘1’11(,  IIlilss  r a t i o s  of 111(, (,1(, ((1”011s,  ])lofolls” illl(l ~~~ ions III(I ;Issllli)(I(l 1 0  1)(,  1 : 1 6 : 1 0 0 ”  ill 0111 sill) uli~tiol). ‘1’lI(L

(“0111 ])1’(,SS(’(1 lllil SS liltio is 11(,(  ’(%s;ll’y  fo]” l’(>ilS(lll  S of (oll]])lllt(ti(,ll;ll  (, f[i(i(,ll(y.  ‘1’11(,  t 11(,1111;11  velocity of ~~~-oli~,ill

( , l ( } ( ’ ( l ’ O 1 l S  i s  ilSSlllll(>(l  10  1) ( ,  10 Iilll(,s Slllilll(,l’  tllilll  111?11  (If S(llill’  Will(l {.1(, (’l  IO IIS. ‘J’ll(> tll(}l’lllill  v e l o c i t y  o f  C’Z

ions i s  V(’1’y  Slllilll,  illl(l (11(,1’(,fol’(”  111(,  ions (’<(11  1)(, ;I’islllllml  10  1)(,  il (’01(1  l)(illll  i]l (11(,  Solill”  will(l.  IJip;uw  2

slI()\Ys  1]1(, v(, ](wily (Iislrjl)lllioll  jllll(,iioll  11s(,(1  ill (11(, (.ollll)llt{,l.  Silllllliltiolls,

2  Rcslllts

\!  ’(, ]l(LI”f(lJ’ltl  4 (“01)  )1)11 ((’1” sjl!tll]illjoli  1“1111S  \\ ’;t])  (]ifl(r(}llt  l’i!]ll(’S  of 1]1(>  il]){~](  of (])(  (’x[(,IIIiIl  ltlagl](>ti(”  fi(,l(l

1“(’lillil’(’  1 0  111(,  Solill”  will(l  floll” (Iir(,(.  tioll  ;111(1  (’y (I(,llsili(w,  J’;ll’;l]ll(,  t(!ls fol” (“ii(’ll  Sililllliltioll ]’(]11 ill’(> lisid  ill

‘]h~jlo 2. \! ’(, (iI’Si Il(rklrlrl i[ ( ( 1 1 1 1  ] ) 1 1 ( 01 ”  Silllllldii(lll Ivit)l{,llt (j l)dlti(](s ((~ = 3 0 ” )  10 i(l(,]liify I!rllill liill(l  of
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